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(54) Tri-layer extruded medical tubing and medical devices incorporating such tubing 


(57) The present invention provides a length of tri- 
layer, extruded, medical tubing (10) comprising an outer 
layer (16). a core layer (12). and an intermediate tie 
layer (14). The outer layer (16) comprises a polymer 
that is directly bondabie, while the core layer (12) com- 
prises a lubricious polymer. The core layer (12) thus 
defines a lumen (15) that exhibits the desired character- 
i.e.. low friction for the advancement of a 


guidewire or catheter through the lumen without com- 
prising the strength and stiffness that is desirable in tub- 
ing that is to be used in medical devices. Additionally, 
the tubing (10) is easily coextruded and yet. is not sub- 
ject to delamination. thus providing the added advan- 
tage of providing a reduction in the overall cost of 
manufacture. 
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Description 

Field QfthQ Inventign 

5 The present invention pertains generally to medical tubing and medical devices incorporating such tubing. More 
specifically, the present invention pertains to medical tubing and corresponding medical devices adapted for percuta- 
neous transluminal use, such as guide catheters, diagnostic catheters such as illustrated in U.S. Patent No. 5.403.292. 
and balloon catheters such as illustrated in U.S. Patent No. 4.762.129. Medical tubing of the present invention is partic- 
ularly useful to structurally define the lumen of a catheter, e.g.. a rapid-exchange balloon catheter or an over-the-wire 

10 catheter. The tubing of the present invention is also useful as an inner member in a stent delivery device. 

Background Qf thg Invention 

Intravascular catheters are presently in wide clinical use for a variety of diagnostic and therapeutic purposes. Intra- 
is vascular catheterization therapies, such as angioplasty, atherectomy, and laser irradiation, have been developed as 
alternatives to bypass surgery for treating vascular diseases or other conditions that occlude or reduce the lumen size 
of portions of a patient's vascular system. In particular, balloon angioplasty has proven to be a useful, and in many cir- 
cumstances, a preferred treatment for obstructive coronary diseases. Also, intravascular diagnostic catheters for angi- 
ographics, ultrasonic imaging, and Doppler blood flow measurements for example, have been developed to measure or 
20 image the extent of the occlusion of a vessel, (e.g., stenosis). These intravascular diagnostic catheters may be used in 
conjunction with the aforementioned therapeutic catheters or may be used in conjunction with more invasive techniques 
such as coronary surge. Intravascular therapeutic and diagnostic catheters have achieved acceptance because of their 
effectiveness as well as the fact that their use typically involves a relatively minor surgical procedure as compared to 
coronary bypass surgery 

25 However, the effectiveness of the techniques employing these catheters may at times be dependent upon the posi- 
tioning of the catheter into the vascular system of a patient via an incision at an accessible location which may be 
remote from the site of occlusion or stenosis. Typically, for example, the intravascular catheter may be introduced into 
the femoral artery through an incision at the groin and then advanced through the femoral artery to the desired distal 
coronary site. Because of the small size of some of these vessels and the tortuous passages through the vessels, posi- 

30 tioning of a catheter through a patient's vasculature can be a difficult and time consuming task Furthermore, the cath- 
eters must be able to traverse these tortuous pathways in a manner as atraumatic to the patient as possible. Therefore, 
in order to limit insertion time and discomfort to the patient, intravascular catheters will preferably have several perform- 
ance characteristics. 

First of all, an intravascular catheter should exhibit good torque control such that manipulation of a proximal portion 

'35 of the catheter is responsively translated to the tip or distal portion of the catheter. Moreover, the catheter should have 
sufficient strength in the longitudinal direction so as not to kink or fold as it is advanced through the vascular system. 
Also, for some types of intravascular catheters, it is desirable to maximize the inner diameter relative to the outer diam- 
eter, i.e., to make the lumen as large as practically possible. Specifically, for example, diagnostic catheters generally 
possess a relatively large lumen to allow fluids, such as radiopaque contrast fluid, to be injected therethrough and out 

40 the distal end so that the area of the vascular system under investigation can be viewed f luoroscopically. 

Additionally, if the catheter is a dilation catheter, the outer surface of the tubing to be used in an intravascular cath- 
eter must be bondable to balloon material. Although the tubing may be bonded to the btailoon with adhesive, this is not 
optimal as the adhesive may fail. Additionally, the adhesive undesirably adds to the surface profile of the catheter. Thus, 
it is preferable that the outer surface of the tubing of the catheter be directly bondable to the balloon material, such as 

45 by fusion bonding, desaibed in U.S. Patent Nos. 5,501,759 and 5,267,959. 

Finally, catheter balloons are now being inflated to higher pressures than has been previously conventional in the 
art. For example, until recently, balloon inflation pressures typically averaged approximately 12 atmospheres. However, 
one current trend involves inflating balloons to pressures as high as 28 atmospheres. This relatively high pressure tends 
to stretch and constrict tubing if the tubing is too weak. In severe cases, the tubing could rupture. Thus, in order to be 

50 useful in a balloon catheter involving higher pressures, the tubing must be strong enough to withstand this higher pres- 
sure without collapsing or rupturing. 

The internal lumen surface of intravascular catheters is subject to performance demands as well. For example, an 
important function of the internal lumen surface of intravascular catheters is to provide very low surface friction between 
the catheter and a guidewire and/or treatment device slidably engaging the lumen surface. The low friction internal sur- 

55 face facilitates advancement of the catheter over the guidewire or the advancement of the treatment device through the 
catheter lumen, as the case may be. Lubricity is especially critical in the curved portion of guide catheters. The low fric- 
tion internal surface has typically been provided by the use of a lubridous polymer. e.g. polytetraf luoroethyiene or the 
like, as the internal surface material, or alternatively, by coating the internal lumen surface of the catheter with a friction 
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reducing material, such as iiquid silicone. 

In sum. catheter tubing should possess a combination of the desired characteristics of strength, pushability, torque- 
ability, bondabillty and lubricity. However, such a combination of characteristics has not been achieved satisfactorily with 
tubing comprising only a single material. First of all, medical tubing formed from an inherently lubridous polymer tends 
5 to be difficult to effectively bond to the material of conventional balloons due to the chemical incompatibility between the 
materials to be bonded. On the other hand, polymer materials that demonstrate good bonding characteristics with bal- 
loons typically must be coated with a lubricant on the interior surface so that the interior surface is sufficiently lubricious. 
necessitating an additional manufacturing step. Furthermore, such lubricants tend to wear off. so that lubricity is dimin- 
ished over time. 

10 The prior art also describes several attempts to provide the desired characteristics by utilizing multilayered tubing 
in intravascular catheters. Conventionally, such multilayered tubing comprises an outer layer of a bondable material 
such as nylon, polyethylene, polyurethane, or poly(ethylene terephthalate) and an inner layer of a lubricious material 
such as polytetrafluoroethylene (PTFE) or other lubricious polymer, e.g.. high density polyethylene. For example. U.S. 
Patent No. 5.538.510 describes a coextrudable. flexible tubing which comprises an outer layer and an inner layer, the 

15 two layers being different materials and being covalently bonded to each other. Specifically, the patent purports to pro- 
vide a length of tubing with the desired combination of properties by using a lubricious polymer as the inner layer, and 
a stiff polymer as tiie outer layer. The patent discloses that the flexible tubing is coextrudable and, furthermore, that the 
lumen of the tubing is sufficiently lubricious so as to obviate the use of a separate low friction sleeve and/or coating. 
Additionally. U.S. Patent No. 4,707.389 describes a multi-layered tube composed of an outer layer of ethylenevinylace- 

20 tate (EVA) and an inner layer of polyvinychloride (PVC), bonded together by a bonding layer. Finally. U.S. Patent No. 
3,561 .493 discloses a multi-layered tubing in which the inner and outer layers are welded together by a precompounded 
layer of the two different polymers. 

Although each of these patents purport to provide tubing and/or medical devices with the desired characteristics, 
problems still remain with existing multilayer tubing structures. For example, the low friction polymeric materials capable 

25 of providing a sufficiently lubricious lumen are generally chemically incompatible witii the polymeric materials that are 
capable of providing adequate performance as the catheter outer layer As a result of this chemical incompatibility, 
these different classes of materials do not form significant bonds with each other, even upon coextruslon, and thus, tub- 
ing comprising layers of these dissimilar materials tends to be subject to delamination. Further, substantial differences 
between the mechanical properties of the two classes of polymer materials further exacerbates this incompatibility 

30 problem. 

There is thus a need In the art for medical tubing and medical devices incorporating such tubing that exhibit the 
desired characteristics of strength, pushability. torqueabillty, bondability and lumen lubricity. These and other objects 
are accomplished by the present invention, as hereinafter described. 

35 Summary Of the inyention 

According to the present Invention, the above objectives and other objectives apparent to those skilled in the art 
upon reading this disclosure are attained by the present invention which is drawn to ti-ilayered tubing as well as to a 
medical device suitable for percutaneous transluminal use comprising tiie tubing. More specifically, it is an object of the 
40 present invention to provide coexfruded, flexible, trilayered tubing, wherein the three layers are firmly bonded together 
such that the layers resist delamination under operating conditions both normal and extreme (e.g.. high balloon pres- 
sures of up to 28 atmospheres or more) and furthermore, wherein the materials that comprise the tiiree layers provide 
the tubing with the desirable characteristics for tubing that is to be used in a medical device suitable for percutaneous 
transluminal use. 

45 Generally, the present invention provides a length of coextruded, flexible tubing that meets the needs and objec- 
tives described hereinabove, by virtue of a multilayer structure. Specifically, the multilayer structure comprises a core 
layer of a lubricious polymeric material, an outer layer comprising directly bondable (defined below) polymer, and an 
intermediate tie layer comprising a polymer having pendant functionality capable of adhering the lubricious material of 
the core layer to the directly bondable material of the outer layer. In this manner, the intermediate tie layer provides a 

50 Strong connection between the core layer and the outer layer. 

In prefenred embodiments, the glass transition temperature (Tg) characteristics of the intermediate tie layer are 
selected to be inbetween those of the core layer and the outer layer. Specifically, it is preferred that the glass transition 
temperatures vary only gradually from the core layer to tfie outer layer in order to provide a stage-wise transition of 
mechanical characteristics from the material of tiie outer layer to the material of the core layer. Preferably, the glass 

55 transition temperature of each layer will be from 85% to 1 1 5% of the glass transition temperature of the material(s) adja- 
cent to it By providing a gradient in the Tg from the core layer to the outer layer, a more stable, more compatible, trilay- 
ered tubing is provided that possesses the desired characteristics of strength, pushability. torqueability. bondability, and 
a lubricious lumen, while also demonstrating dramatically improved resistance against delamination. 
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The present invention thus provides a length of coextruded, flexiWe tubing comprising an outer layer having a first 
glass transition temperature, an intermediate tie layer having a second glass transition temperature, and a core layer 
having a third glass transition tenoperature. Preferably, the first glass transition temperature is greater than the second 
glass transition temperature, which is preferably greater than the third glass transition temperature. Additionally, it is 
5 preferred that the outer layer be comprised of a material that is directly bondable to conventional balloon materials. It is 
further preferred that the core layer is comprised of a material that is lubridous and that the intermediate tie layer is 
comprised of a material that comprises functionality capable of adhering to both the material of the outer layer and the 
material of the core layer. 

In another aspect, there is also provided a medical device suitable for percutaneous transluminal use comprising 
10 the tubing of the present invention and a radially expansive component operationally coupled to the tubing. For exam- 
ple, the tubing of the present invention may be utilized to define the guidewire lumen of a balloon catheter. More specif- 
ically, the trilayer tubing of the present invention may define the guidewire lumen of an over-the-wire catheter, i.e.. where 
the guidewire lumen as defined by the trilayered tubing runs the entire length of the catheter. The tubing of the present 
invention may also define the guidewire lumen of a rapid exchange catheter. I.e.. wherein one end of the guidewire 
15 lumen as defined by the tubing of the present invention extends through the distal end of the catheter and the opposite 
end exits through an outer wall of. the catheter. Additionally, the trilayered tubing of the present invention may be utilized 
to form the inner member of a stent-delivery device, wherein a stent is releasably mounted to the tubing of the present 
invention. 

As used herein, the phrase "direct bond" (or "directly bondable") is meant to indicate a bond between two materials 
20 that requires no bonding substance, i.e, adhesive, interposed between the materials (or materials that are so bonda- 
ble). Additionally, the term "lubricious" as applied to the materials herein is meant to indicate a material that has a Kinetic 
coefficient of friction (steel on polymer) of less than about 0.5. As used herein, "elastomeric" is meant to indicate that 
property of a material that allows the material to be stretched to at least twice their original length and to recover its orig- 
inal shape partially or completely after the deforming force has been removed. "Glass transition temperature" or "Tg" as 
25 used herein and as is generally known to those of skill in the art. refers to that temperature at which an amorphous 
material changes from a brittle vitreous state to a plastic state and may be determined by Differential Scanning Calor- 
imetry (DSC). Finally, as used herein, the phrase "acid-functional" is meant to indicate materials that have pendant 
acidic functional groups. 

30 Brief Description of the Drawinos 

The above mentioned and other advantages of the present invention, and the manner of attaining them, will 
become apparent and the invention itself will be better understood by reference to the following description of the 
embodiments of the invention taken in conjunction with the accompanying drawings, wherein: 

35 

Figure 1 is an enlarged, cross-sectional view of one embodiment of tubing in accordance with the present invention; 
Figure 2 is a longitudinal sectional view of an over-the-wire angioplasty catheter in accordance with the present 

invention; 

Figure 3A is an enlarged, cross-sectional view taken along line A-A of Figure 2; 
40 Figure 3B is an enlarged, cross-sectional view taken along line B-B of Rgure 2; 
Figure 3C is an enlarged, cross-sectional view taken along line C-C of Figure 2; 

Figure 4 is a longitudinal sectional view of a rapid exchange angioplasty catheter in accordance with the present 
invention; 

Figure 5A is an enlarged, cross-sectional view taken along line A-A of Rgure 4; 
45 Figure 5B is an enlarged, cross-sectional view taken along line B-B of Figure 4; 
Figure 5C is an enlarged, aoss-sectional view taken along line C-C of Figure 4; 

Figure 6 is a schematic view of an extrusion system capable of extruding the tubing of the present invention; and 
Figure 7 is a longitudinal sectional view of a stent delivery device in accordance with the present invention 

so DQtfflle(l Dg^cription Qf thg Invgntipr) 

The embodiments of the present invention described below are not intended to be exhaustive or to limit the inven- 
tion to the precise forms disclosed in the following detailed description. Rather the embodiments are chosen and 
described so that others skilled in the art may appreciate and understand the principles and practices of the present 
55 invention. 

According to the present invention, trilayer tubing 10 is illustrated in cross-sectional view in Figure 1 . In accordance 
with the present invention, tubing 10 comprises outer layer 16, intermediate tie layer 14, and core layer 12, the poly- 
meric materials of the outer, tie and core layers typically being different and being formed preferably by coextruding. 
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Inner surface 13 of trilayer tubing 10 defines lumen 15. 

Outer layer 1 6 is preferably comprised of at least one directly bondable polymer That is. outer layer 1 6 is preferat)ly 
comprises of at least one polymer selected so as to be directly bondable to the balloon by a technique such as fusion 
bonding. A wide variety of polymers may be incorporated into outer layer 16. Preferably, the material chosen for use in 
5 outer layer 16 will be thermoplastic, so as to be more easily extrudable. It is further preferred that the material chosen 
for use In outer layer 16 will be elastomeric. Generally, preferred polymers for use in outer layer 16 have a weight aver- 
age molecular weight in the range of from about 40.000 to about 100,000. 

Outer layer 16 may preferably comprise a polyester, a polyamide or combinations thereof. Exemplary polyesters 
which are suitable for use in outer layer 16 include polyesters containing both polyether and polyester segments. Par* 
10 ticularly suitable are the family of polyether polyesters commercially available under the trade name Hytrel® from E.I. 
DuPont De Nemours and Company, Wilmington, DE. Also well-suited for use in outer layer 16 of tubing 10 of the 
present invention are the family of polyesters available under the trade name Arnitel® from DSM Engineering Plastics, 
Evansville. IN. 

Poiyamides suitable for use in outer layer 16 in tubing 10 of the present invention include Nylon 12, Nylon 6/6 or 
15 other nylon copolymers, as well as polyether block amides. An example of a commercially available polyamide suitable 
for use in outer layer 16 in the tubing 10 of the present invention is available under the trade name PEBAX®fromAto- 
chem Inc.. Glen Rock, fMJ. 

Core layer 12 is preferably made of at least one lubricious polymeric material to facilitate the advancement over a 
guidewire or advancement of a separate, smaller catheter through lumen 1 5 of tubing 1 0. Although it is prefen-ed that 

20 core layer 12 be sufficiently lubricious without such a coating, a solid or liquid lubricant may coat the surface of lumen 
15 as structurally defined by core layer 12. and thus such a coating is understood to be within the scope of the present 
invention. As discussed hereinabove, lubricious materials, as used herein, preferably are those materials with a kinetic 
coefficient of friction (steel on polymer) of less than about 0.5, Generally, preferred lubricious polymers have a weight 
average molecular weight in the range of from about 80.000 to about 300.000. 

25 As representative examples, the at least one lubricious polymeric material incorporated into core layer 12 may pref- 
erably be selected from an olefinic polymer, a fluorinated polymer, or combinations thereof. More preferably, the mate- 
rial of core layer 12, if an olefinic polymer, may comprise a high density polyethylene, an ultra high density polyethylene, 
a low density polyethylene, a linear low density polyethylene, or combinations thereof. Such polyethylene resins are 
commerdalty available from the Quantum Chemical Company. Cincinnati. OH, under the trade name Petrothene® LS 

30 5060-00 and LM 6007-00. Additional materials that are believed to be suitable in core layer 12 include fluorinated pol- 
ymers such as polytetrafluorethylene (PTFE) and polyvinyl idenefluoride (PVDF). Because PVDF is much easier and 
practical to extrude than PTFE, PVDF is presently a more preferred f luoropolymer. 

Intermediate tie layer 14 is interposed between outer layer 16 and core layer 12. preferably in a manner such that 
neither the inner or outer surface of intermediate tie layer 14 is exposed. Intermediate tie layer 14 is preferably made of 

35 a polymeric material comprising functionality capable of adhering outer layer 16 to core layer 12. In this manner, inter- 
mediate tie layer 14 aggressively links the two other layers together with a strong connection that resists delamination. 
Generally, preferred polymers for use in intermediate tie layer 14 have a weight average molecular weight in the range 
of from about 40.000 to about 250,000. 

Additionally, due to the extreme difference in mechanical properties discussed above, intermediate tie layer 14 is 

40 preferably made of a material selected to have thermal characteristics, e.g.. a glass transition temperature, inbetween 
those of core layer 12 and outer layer 1 6 so as to provide a step-wise transition in mechanical properties from the mate- 
rial of outer layer 16 to those of the material of core layer 12. Intermediate tie layer 14 thus operates to reduce the 
stresses that might othenMse be created as a result of the differing materials of outer layer 16 and core layer 12 if the 
intermediate tie layer 14 of the present invention were not used. By virtue of this relationship and the functionality of the 

45 material of the intermediate tie layer 14. layers 12. 14 and 16 are strongly adhered together in a manner resistant to 
delamination. 

Thus, any polymer having a having functionality capable of adhering to both core layer 12 and outer layer 16 may 
be advantageously used as intermediate tie layer 14. Representative examples of such polymers include olefinic and 
other free radically polymerized polymers having one or more functional groups selected from carbon-carbon double 
50 bonds, vinyl esters, amine groups, acid groups such as -COOH. - SO3H, - PO3H, the salts of such acids, and the like, 
an anhydric moiety such as 
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10 

or combinations thereof, and the like. 

For example, functionalized olefinic materials suitable for use in the intermediate tie layer 14 of tubing 10 include 
olefins such as polyethylene of varying densities, polypropylene, or polyethylene vinyl acetate that have been formed 
from olefinic monomers copolymerized with a copolymerizable monomer, e.g., maleic acid, having the desired function- 

75 ality. Other unsaturated carboxylic acids such as fumaric acid, cinnamic acid, crotonic acid, linoleic acid, or the like may 
also be used as a substitute for maleic add. These acid functional olefinic polymeric materials are described, for exam- 
ple, in U.S. Patent No. 5,538.510. 

Other examples of acid and anhydride functional polymers that are believed to be suitable for use in intermediate 
tie layer 14 include acid functional ethyl vinyl acetate resins, acid functional ethylene acrylate polymers, anhydride func- 

20 tional ethylene aaylate copolymers, anhydride functional ethyl vinyl acetate copolymers, acid and acrylate functional 
ethyl vinyl acetate resins, anhydride functional ethyl vinyl acetate copolymers, and anhydride functional ethyl vinyl ace- 
tate resins. In particular, suitable acid and anhydride functional polymers are commercially available under the trade 
name of Bynel® from E.I. DuPont De Nemours. Wilmington DE. 

Functionalized polyethylenes are also suitable for use in intermediate tie layer 14. Examples of other such function- 

25 alized polyethylenes which are suitable for use in intermediate tie layer 14 include, but are not limited to, functionalized 
high density polyethylene and functionalized linear low density polyethylene. Such functionalized polyethylenes are 
commercially available from the Quantum Chemical Corporation under the trade name of Plexar®. 

Additionally, the material of intermediate tie layer 14 may be a free radically polymerized copolymer of monomers 
comprising ethylene and an alkyi {meth)acrylate. Ethyl ene-methyl (meth)acrylate copolymers having ester functionality 

30 that are believed to be suitable as intermediate tie layer 1 4 are commercially available under the trade name EMAC® 
(e.g.. EMAC® SP 2205 and 2260) from Chevron Company. Houston. TX. 

As mentioned hereinabove, the polymeric materials of the outer, core and intermediate tie layers 16. 12. and 14, 
respectively, are preferably comprised of materials with glass transition temperatures that are substantially similar so as 
to fadlitate coextrusion and to help reduce the tendency of undue stress to build between the layers in the resultant tub- 

35 ing. Preferably, the glass transition temperature (Tg) of each layer will be from 85% to 1 1 5 % of the glass transition tem- 
perature of the material(s) adjacent to it. In preferred embodiments, the Tg of the functionalized polymer of intermediate 
layer 14 is about 1 to 1 .15 times greater than the polymer of outer layer 16, and the Tg of the lubridous polymer in core 
layer 12 is about 1 to 1.15 times greater than the functionalized polymer of intermediate tie layer 14. 

Representative combinations of materials suitable for use in tubing 10 of the present invention are shown in Table 

40 1 , hereinbelow. 


TABLE 1 


Core Layer (12) 

Intermediate Tie Layer (14) 

Outer Layer (16) 

polyethylene 

functionalized polyethylene 

polyester 

polyethylene 

functionalized polyethylene 

poiyamide 

polyethylene 

ethylene-methyl acrylate copolymers 

polyester 

polyethylene 

ethylene-methyl acrylate copolymers 

poiyamide 

polyethylene 

acid/anhydride functionalized vtnylic copolymer 

polyester 

fluorinated polymer 

functionalized polyethylene 

polyester 

fluorinated polymer 

functionalized polyethylene 

poiyamide 

fluorinated polymer 

ethylene-methyl acrylate copolymers 

polyester 

fluorinated polymer 

ethylene-metal acrylate copolymers 

poiyamide 
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TABLE 1 (continued) 


Core Layer (12) 

Intermediate Tie Layer (14) 

Outer Layer (16) 

fluorinated polymer 

acid/anhydride functionalized vinylic copolymer 

polyester 


5 

The thicknesses of layers 12, 14 and 16 will vary depending upon desired applications. For example, when used to 
define the guidewire lumen of an angioplasty catheter, the core layer 12 of tubing 10 will preferably have a thickness of 
from about 0.01 mm to about 0.05 mm, while the intermediate tie layer 14 is preferably of a thickness of from about 
0.006 mm to about 0.03 mm and outer layer 16 is preferably from about 0.01 mm to about 0.05 mm thick. More prefer- 
to ably core layer 1 2 will be from about 0.01 mm to about 0.04 mm thicK intermediate tie layer 1 4 will be from about 0.003 
mm to about 0.03 mm and outer layer 16 will be from about 0.01 mm to about 0.04 mm. 

Additionally, the diameter of tubing 10 will vary depending upon the end-use application. Typically the overall or 
outside, diameter (Dq) is typically between 0.5 mm and 0.7 mm, and will preferably be from about 0.55 mm to about 
0.63 mm. Core layer 12 will preferably define a lumen, such as a lumen adapted to receive a guidewire. The inside 
15 diameter {0) of the lumen so formed is typically from about 0.4 mm to about 0.6 mm. and will preferably be from about 
0.43 mm to about 0.51 mm. 

The tubing of the present invention may be used, for example, in medical devices suitable for percutaneous trans- 
luminal use. such as guide catheters, diagnostic catheters, or those medical devices in which a radially expansive com- 
ponent is to be therapeutically deployed, e.g.. stent delivery devices or balloon catheters. In one embodiment of the 

20 invention, for example, the tubing of the present invention may be utilized to define a guidewire lumen in an over-the- 
wire balloon catheter 220, as illustrated in Rgures 2 (where the balloon is illustrated in its deployed state). 3 A, 3B and 
3C. As illustrated, catheter 220 comprises an outer catheter tubing 222 which connects with balloon 224 at tubing distal 
end 226. Outer catheter tubing 222 terminates at its distal end 226, where outer catheter tubing 222 connects with the 
proximal end 292 of balloon 224. Outer catheter tubing 222 defines lumen 294. 

25 The aforementioned connection, and any other connection, weld or bond mentioned herein, may be established by 
any method that forms fluid tight seals between the materials at the desired bond site, e.g.. as with adhesive, or by 
direct bonding. However, it is generally preferred that these connections be established by direct bonding. Direct bond- 
ing is considered advantageous since the use of an intermediate adhesive layer is thereby avoided. The use of adhe- 
sive is a less desirable alternative as adhesive layers add to the thickness and rigidity of the medical device at the bond 

30 site. Additionally, many adhesives present biocompatiblity issues. 

Thus, it is preferred that outer catheter tubing 222 is directly bonded to balloon 224 at tubing distal end 226. These 
direct bonds may be established by any method known to those of ordinary skill in the art that effectively fonns fluid tight 
seals between the materials to be bonded. For example, the direct bonds may be established by conductive, convective. 
or radiative heating, combinations thereof, of any one of these heating methods used in combination with pressure 

35 applied to the bond area. Furthermore, the direct bonds may be formed by fusion bonding. Fusion bonding using laser 
energy is disclosed in U.S. Patent No.s 5.267.959 and 5,501,759. 

Also, catheter 220 comprises an inner catheter tubing 210 which defines lumen 234. inner catheter tubing 210 
extends through lumen 294 of outer catheter tubing 222, thus defining a generally annular space 230 between outer 
catheter tubing 222 and inner catheter tubing 210. Generally, annular space 230 extends along the catheter 220 

40 between outer catheter tubing 222 and inner catheter tubing 21 0. to terminate in communication with the interior 296 of 
balloon 224. Inner catheter tubing 210, however, extends through balloon 224 as shown in Figure 1, being bonded to 
balloon 224 at distal end 232 in such a manner that the lumen 234 of inner catheter tubing 210 is open at distal end 
232. Advantageously and preferably distal end 298 of inner catheter tubing 21 0 is directly bonded to balloon 224 at bal- 
loon distal end 232. 

45 Although inner catheter tubing 2 1 0 is in the form of trilayer tubing of the present invention as described hereinabove 
with respect to Figure 1 , the three layers have not been individually illustrated in Figure 2 for purposes of clarity. As pre- 
viously stated, the material of the core layer 12 (illustrated in Figure 1) preferably comprises a lubricious material that 
defines a lubridous inner lumen. By providing a lubricious inner lumen, the advancement of catheter 220 over a 
guidewire or the advancement of a separate, smaller catheter, for example, through lumen 234 of tubing 210 is facili- 

50 fated. 

Because of the lubricious nature of the polymer of the core layer 12, the polymer that is to comprise outer layer 1 6 
may be selected to optimize other characteristics of catheter 220 rather than to provide the necessary lubridty to the 
inner lumen of catheter 220. For example, the polymer of outer layer 16 may be chosen on the basis of bondability to 
the desired balloon material. In preferred embodiments, at least a portion of the monomeric segments of the polymer 
55 of outer layer 1 6 correspond to at least a portion of the monomeric segments of the desired balloon material. For exam- 
ple, if outer layer 16 comprises a polyether polyester, i.e. a polymer comprising polyester and polyether segments, it 
would be preferred that the balloon comprise a material with polyether or polyester segments, such as polyethylene 
pterphthalate (PET). 
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In a second embodiment of the present invention, the trilayer, medical tubing of the present invention may be used 
as the inner catheter tubing 410 In a rapid exchange balloon catheter 420, as illustrated in Figures 4, 5A, 5B. and 5C. 
Again, although inner catheter tubing 410 is in the form of trilayer tubing of the present invention as described herein- 
above with respect to Figure 1 , the three layers have not been individually illustrated in Figure 4 for purposes of clarity. 

Catheter 420 comprises a tubular proximal shaft 460, a tubular stem 462, inner catheter tubing 410 and a balloon 
424. Stem 462 is in fluid communication with proximal shaft 460 and is bonded to the distal end 492 of proximal shaft 
460. Inner catheter tubing 410 defines guidewire lumen 434. Inner catheter tubing 410 extends from distal portion 492 
of proximal shaft 460 and through lumen 464 of stem 462, beyond the distal end 494 of stem 462, and through balloon 
424. Inner catheter tubing 410 additionally comprises a proximal end 496 open to the outside of the catheter 420 at 
skive 466. Inner catheter tiding 41 0 and stem 462 are preferably directly bonded together at weld 4102 proximal to bal- 
loon 424. At the skive 466, the distal end 492 of proximal shaft 460, the proximal end 496 of tubular stem 462, and the 
proximal end 4100 of inner catheter tubing 410 are directly bonded together. Inner catheter tubing 410 is off-center at 
skive 466 but becomes approximately centered throughout the remaining length of stem 462. Balloon 424 is arranged 
coaxially around inner catheter tubing 410 with the proximal neck 4104 of balloon 424 directly bonded to the distal end 
of stem 462 at the outer surface thereof. The distal neck 432 of balloon 424 is directly bonded to the distal end 4106 of 
Inner catheter tubing 410, together fbrnning the catheter tip 468. 

In a third embodiment of the present invention, the tubing of the present invention may be used as the inner mem- 
ber 710 In a stent delivery device, as illustrated in Figure 7, in which the stent is illustrated in its deployed state. As was 
the case with Figures 2 and 4. although inner catheter tubing 710 is in the form of trilayer tubing of the present invention 
as described hereinabove with respect to Rgure 1 , the three layers have not been individually illustrated in Figure 7 for 
purposes of clarity 

Stent delivery device 720 comprises a tubular outer sleeve 722 and a hollow, flexible core element 710. Outer 
sleeve 722 has Integral handle 734 attached at Its proximal end. The distal end 724 of outer sleeve 722 is positioned 
within a body canal 738. Disposed axially within outer sleeve 722 is hollow, fl^ible core element 710 having a handle 
736 at its proximal end. The distal end 728 of the core element 710 has a stepped up diameter where it meets the distal 
end 724 of outer sleeve 722 so that it provides a smooth transition at the distal end 724 of outer sleeve 722, and is also 
located within body canal 738. A guide wire 730 passes axially through the hollow core. Attached around the periphery 
of the core element 710 at its distal end 728 is grip member 732 which releasably grips a self-expanding stent 726 
(shown partly deployed). 

The tubing 1 0 of the present Invention can be manufactured by coextrusion as schematically illustrated in Figure 6. 
Although three extruders typically are used, one for each layer 12. 14 and 16. only one extruder 605 is shown for pur- 
poses of clarity. In the case of such trilayer extrusion, the three desired materials can corrverge through one die 646 to 
create a single trilayer tube. Referring to the operation of extruder 605, which is representative of all three extruders, 
pellets (not shown) of suitable material can be gravitationally fed from a hopper 640 into the feed section 654 of extruder 
605. There, the pellets come into contact with rotating screw 656. The pellets are then conveyed through barrel 658 by 
rotating screw 656. The pellets are heated by electrically heated barrel 658 and by the f rictional and shear action of the 
screw 656 as it turns in the barrel 658. Eventually, as the pellets move down the length of the barrel 658, the pellets are 
transformed into a molten phase which is then forced out of a coextrusion die 646 along with molten material from the 
other two extruders to create a coextruded tube 660. The tube 660 is then drawn down into cooling trough 648 to cool 
and set the tube 660 into a predetermined thickness and diameter by means of puller 650. Once the tube 660 Is cooled 
and pulled it is ready for collection, i.e., with a cutter (not shown) or coiler 652, and use. 

For example, the extrusion tine may comprise the following equipment: 

2 3/4" Davis Standard Extruder (for inner and outer layers) 
1 - 3/4" Davis Standard Extruder (for middle layer) 

1 3-layer Genoa Crosshead (tri-die, commercially available from Genoa Extrusion Technology, Cleanwater, Florida) 

1 Water Bath 

1 Puller RDN 

1 Laser gauge Zumbach (to check dimensions). 

Process conditions Include: 

Temperatures 370* - 470* F 
Pressures 1000-3000 psi 
Line Speed 50-200 fpm 

The following examples, while not intended to be limiting, illustrate various features of the present invention. 
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Example 1 : 

The following experiment was performed to investigate the effects of irradiation sterilization on an HOPE layer of 

trilayer tubing. 

Specifically, one hundred pieces of 6" tubing made of Hytrel® 63D as the outside layer, Plexar® 209 as the middle 
layer, and HOPE 6007 as the inside layer were Irradiated (0.0185" overall ID x 0.0265" overall OD). Twenty pieces were 
irradiated at dosages of 20 Mrad. 30 Mrad. 40 Mrad. 50 Mrad. and 60 Mrad. respectively. Ck)ntrol samples receiving no 
inradiation were also provided. 

Differential Scanning Calorimetry (DSC) was used to determine the thermal properties of the three different layers. 
No significant differences were seen between control samples or samples at any of the dosage levels. 

Solids rheology testing was also performed with similar conclusions. No significant changes were detected 
between the samples at any of the dosage levels. 

To test the effect of the irradiation on the bondability of the outer surface of the tubing to balloon material. PET bal- 
loons were bonded to the tubing by fusion bonding and then the bond site skived and inspected for delamination. No 
significant differences in the amount of delamination were noted between any of the dosage levels and the control. 

It was concluded that inadiating with electron-beam inradiation the trilayer tubing does not adversely affect resist- 
ance to delamination nor does irradiation increase the melt resistance of the HDPE layer. 

Example 2 

Tests were performed to determine if trilayer tubing can be effectively laser-bonded to angioplasty balloons com- 
prising polyethyleneterphthalate (PET) as an inner balloon layer. Trilayer tubing having an inner diameter (ID) of .0182 
inches and an outer diameter (OD) of .0236 inches and including Hytrel® 7246 as the outside layer. Plexar® 209 as the 
middle layer, and HDPE 5006 as the inside layer, was tested. 

The outer layer of the tubing was fusion bonded to PET of balloon using laser energy as described in Forman, U.S. 
Patent No. 5,501,759. Weld spot size was held constant at 2.215 inches and RPM was held constant at 2500. Power 
was varied between 2.0, 3.0. and 4.0 Watts, respectively 

It was concluded that effective bonds were achieved at all power levels. No bonds failed before balloon burst 
occurred. Also, times for proximal and distal bonds were set for each power level, despite the variation in wall thickness 
between parts. The best bonds were achieved with the 3.0 Watt power setting, based on visual examination after burst. 
Plexar® 209 as the middle layer, and HDPE 6007 as the inside layer. Parts were measured for i.d. with a mandrel, o.d. 
in two marked places, and length. They were annealed for 4 hours at 120"C and found to have no significant shrinkage 
in any parameter measured. 

In sum, it has been found that medical tubing made according to the present invention allowed for good guidewire 
movement (with or without blood in lumen), traceability. ability to bend, crush resistance, kink resistance, low profile, 
good tensile strength, coatability. cost effectiveness, gamma stability, and biocompatability. 

Other embodiments of this invention will be apparent to those skilled in the art upon consideration of this specifica- 
tion or from practices of the invention disclosed herein. Various omissions, modifications, and changes to the principles 
and embodiments described herein may be made by one skilled in the art without departing from the true scope and 
spirit of the invention which is indicated by the following claims. For Instance, additional layers (e.g.. a fourth layer) can 
be extruded inside of the inner layer or outside of the outer layer. 

Example 3 

Crush tests were performed on tubing of the present invention made of Hytrel® 7246 as the outside layer, Plexar® 
209 as the middle layer, and HDPE 6007 as the inside layer. 
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Start Pressure: 147.0 (10 ATM) Stop Pressure: 41 1 .6 (28 ATM) 
Increment: 14.7 PSI Hold Time: 15 seconds 


5 


10 


ID" 

CD" 

RESISTANCE 
FELT AT: 

LOCKS UP 
AT: 

DAMAGE 
OBSERVED 

AFTER INFLATION TO 28 AT.M 
AVC 00" MIN. CD" MAX OD" 

0.0169 

0.0225 

352.8 (24 ATM) 

Does Not Lock 

No Damage 

0.0226 

0.0224 

0.0227 

0.0169 

0 0224 

367.5 (24 ATM) 

Docs Noi Lock 

No Damage 

0.0227 

0.0226 

0.0228 

0.0172 

0.0232 

352.8(24 ATM) 

Docs Noi Lock- 

No Damage 

0.0231 

0.0228 

0.0234 

0.0169 

0.0226 

382.2 (26 ATM) 

Docs Not Lock 

No Damage 

0.0228 

0.0226 

. 0.0229 

0.017 

0.0227 

367.5 (25 ATM) 

Does Not Lock 

No Damage 

0.0228 

0.0225 

0.023 

x=0170 x=023 x=364.56 x=.0228 
s=000l s=0003 s=12.3p s=.0002 

.\-.0226 
s=000l 

x=.0230 
s=.0003 


X = mean. 

s = standard deviation. 

20 


"Resistance felt" means the point when the tube collapsed enough so that an inaease in friction was felt on a 
guidewire by an operator pulling it through the tubing. "Locks up" is meant to indicate the point at which the guldewire 
25 is completely stuck due to the collapse of the tube. 

Examoie 4 

Crush tests were performed on tubing of the present invention made of Hytrel® 7246 as the outside layer. Plexar® 
30 209 as the middle layer, and HOPE 6007 as the inside layer. 

Start Pressure: .147.0 (lOATM) Stop Pressure: 499.8 (34 ATM) 
Increment: 14.7 PSI Hold Time: 15 seconds 

'35 


40 


45 


50 


55 
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15 


20 


ID" 

OD" 

RESISTANCE 
FELT AT: 

LOCKS I P 
AT: 

DAMAGE 
OBSERVED 

AFTER INFLATION TO 28 
AT.\I 

AVG OD" MIN. OD** MAX 
OD* 

0.OI69 

0.0228 

367 S f2S ATM^ 

(32 ATM) 

bngntly Oval 

0.0228 

0.0224 

0.0232 

0.0168 

0 0232 

382.2 (26 ATM) 

470.4 

(32 ATM) 

Slightly Oval 

0.0228 

0.0226 

0.023 

0.0171 

0.0235 

382.2 {26 ATM) 

470.4 
(32 ATM) 

Slightly Oval 

0.0232 

0.0225 

0.0235 

0.0168 

0.0227 

367.5 (25 ATM) 

455.7 
(31 ATM) 

Slightly Oval 

0.0226 

0.0222 

0.023 

0.0171 

0.023 

367.5 (25 ATM) 

470.4 
(32 ATM) 

Slighlly Oval 

0.0228 

0.0223 

0.0231 

x=0169 X-.023 x=373.38 x-467.46 
s=.0002 5=^.0003 s-8.05 s=6.57 

x=0228 

s= 0002 

X-.0224 
s-0002 

x=.0232 
s=.0002 


X = mean, 
s = standard deviation. 

"Resistance felt" and "lock-up" have the same meanings as in Example 3. 


25 


Example 5 

30 Tests were performed to determine the tensile strength effect of annealing at different temperatures and times for 
.0185" ID X .0235" OD trilayer tubing. Material composition of the tubing is Hytrel® 7246 as the outside layer. Plexar® 
209 as the middle layer, and HOPE 6007 as the inside layer. Five unannealed tubes of the same size were tested and 
found to have an average peak load of 1 .255 lbs (standard deviation 0.047). 

35 


40 


45 


RESULTS 

Annealing 
time, temp 

Peak Load lb. 

Peak Stress 
psi 

% Strain @ 
Break % psi 

Yield Stress 

% Strain @ 
yield % 

Modulus psi 

1 hr., 100°C 

1.4 

8451.5 

367.8 

4578.1 

11.724 

93329 

4hr.. 100°C 

1-4 

8520.7 

368.9 

4665.5 

11.273 

99734.7 

2.5 hr.. 110^'C 

1.4 

8728.6 

385.7 

4710.7 

11.694 

96051.8 

1hr.. 120'»C 

1.5 

9041.8 

389.2 

4885.3 

12.682 

96250.6 

4hr.. 120*'C 

1.6 

9421.3 

382.3 

4954.6 

12.131 

96887.6 


50 Examole 6 

A test was performed on 10 pieces measuring 0.0185" ID x 0.0235" OD to check for shrinkage. The pieces were 
made of Hytrel® 7246 as the outside layer. 

55 Claims 

1 . A length of coextruded. flexible tubing (10) suitable for use in a medical device connprising: 
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an outer layer (16) comprising a directly bondable polymer; 

a core layer (12) defining a lumen (13) extending through the length of tubing (10). said core layer (12) com- 
prising a lubricious polymer, and 

an intermediate tie layer (14) comprising a functionalized polymer. 

5 

2. The tubing (1 0) of claim 1 . wherein the polymer of the outer layer (16) is selected from a polyester, a polyamide. or 
combinations thereol 

3. The tubing (1 0) of claim 2. wherein the polymer of the outer layer (16) is a polyester. 

10 

4. The tubing (10) of claim 3, wherein the polyester comprises at least one polyether segment and at least one poly- 
ester segment. 

5. The tubing (10) of claim 2, wherein the polymer of the outer layer (16) is a polyamide. 

15 

6. The tubing (1 0) of daim 1 , wherein the lubricious polymer of the core layer (1 2) is selected from an olefinic polymer, 
a fluorinated polymer or combinations thereof. 

7. The tubing (10) of claim 6. wherein the lubricious polymer of the core layer (12) is an olefinic polymer. 

20 

8. The tubing (1 0) of daim 7, wherein the olefinic polymer is selected from high density polyethylene, ultra high den- 
sity polyethylene, low density polyethylene, linear low density polyethylene, or combinations thereof. 

9. The tubing (1 0) of daim 6. wherein the lubricious pdymer of the core layer (1 2) is a fluorinated polymer. 

25 

1 0. The tybing (10) of daim 9, wherein the fluorinated polymer is polyvinylidene fluoride. 

1 1 . The tubing (1 0) of daim 1 . wherein the intermediate tie layer (14) comprises a polymer seleded from an anhydride 
modified olefinic polymer, an acrylate modified olefinic polymer or combinations thereof. 

30 

12. The tubing (10) of daim 1 1 , wherein the polymer of the intermediate tie layer (1 4) is selected from a functionalized 
polyethylene, a functionalized vinylic polymer, a ethyl en e-methyi acrylate copolymer, an acid modified ethyl vinyl 
acetate polymer, an add modified ethylene acrylate copolymer, an anhydride modified ethylene acrylate copoly- 
mer, an anhydride modified ethyl vinyl acetate copolymer, an acid modified ethyl vinyl acetate polymer, an acrylate 

■35 modified ethyl vinyl acetate polymer, an anhydride modified ethyl vinyl acetate copolymer, an anhydride modified 
ethyl vinyl acetate polymer, or combinations thereof. 

1 3. The tubing (10) of daim 12. wherein the polymer of the intermediate tie layer (1 4) is selected from a functionalized 
polyethylene, a functionalized copolymer obtained from monomers comprising ethylene and alleyl (meth)acrylate. 

40 an anhydride nrKxjified ethyl vinyl acetate polymer, or combinations thereof 

14. The tubing (10) of claim 1 , wherein the polymer of the outer layer (16) has a first glass transition temperature, the 
intermediate tie layer (14) comprises a polymer having a second glass transition temperature, and the lubricious 
polymer of the core layer (12) has a third glass transition temperature; and wherein the first, second and third glass 

45 transition temperatures are within 85% to 1 1 5% of each other 

15. The tubing (10) of claim 14. wherein the third glass transition temperature is greater than the second glass transi- 
tion temperature and the second glass transition temperature is greater than the first glass transition temperature. 

so 16. A medical device (220, 420, 720) adapted for percutaneous transluminal use comprising: 

a length of coextruded. flexible tubing (10. 210. 410. 710) comprising: 

an outer layer (16) comprising a directly t>ondable polymer; 
55 a core layer (12) defining a lumen extending through the length of tubing, said core layer comprising a 

lubricious polymer, and 

an intermediate tie layer (14) comprising a functionalized polymer; and 
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a radially expansive component (224, 424. 726) coupled to the length of tubing (10, 210, 410, 710). 

17. The medical device (220. 420) of daim 16. wherein the radially expansive component is a balloon (224. 424). 

1 8. The medical device (220, 420) of claim 1 7. wherein the balloon (224. 424) is directly bonded to the outer layer (1 6) 
of the tubing (10. 210. 410) at the distal end of the balloon (232. 432). 

19. The medical device (220. 420) of claim 18. wherein the balloon (224. 424) is thermally bonded to the outer layer 
(16) of the tubing (10. 210. 410) at the distal end of the balloon (232. 432). 

20. The medical device (220, 420) of daim 18, wherein the balloon (224, 424) Is fusion bonded to the outer layer (16) 
of the tubing (10, 210. 410) at the distal end of the balloon (232, 432). 

21 . The medical device (220, 420) of daim 1 7, wherein the tubing (10. 210. 410) defines a guidewire lumen (234, 434). 

22. The medical device (220) of daim 21, wherein the guidewire lumen (234) extends through the entire length of the 
medical device (220). 

23. The medical device (220) of claim 22, wherein the medical device (220) is an over-the-wire catheter (220). 

24. The medical device (420) of claim 21 , wherein the distal end (4106) of the guidewire lumen (434) exits through the 
distal end (468) of the medical device (420) and the proximal end (496) of the guidewire lumen exits through a side 
wall (466) of the medical device (420). 

25. The medical device (420) of daim 24. wherein the medical device (420) is a rapid exchange catheter (420). 

26. The medical device (220, 420, 720) of claim 16. wherein the polymer of the outer layer (16) is selected from a pol- 
yester, a pdyamide, or combinations thereof. 

27. The medical device (220, 420. 720) of daim 26, wherein the polymer of the outer layer (16) is a polyester. 

28. The medical device (220, 420. 720) of daim 27, wherein the polyester comprises at least one polyether segment 
and at least one polyester segment. 

29. The medical device (220, 420, 720) of claim 26, wherein the polymer of the outer layer (16) is a polyamide. 

30. The medical device (220. 420, 720) of claim 16, wherein the lubricious pdymer of the core layer (12) is selected 
from an olefinic pdymer, a fluorinated polymer or combinations thereof. 

31. The medical device (220, 420, 720) of claim 30. wherein the lubricious polymer of the core layer (12) is an olefinic 
polymer, 

32. The medical device (220. 420, 720) of daim 31 . wherein the olefinic polymer is selected from high density polyeth- 
ylene, ultra high density polyethylene, low density polyethylene, linear low density polyethylene, or combinations 
thereof. 

33. The medical device (220. 420. 720) of claim 30. wherein the lubricious polymer of the core layer (1 2) is a fluorinated 
polymer. 

34. The medical device (220. 420, 720) of claim 33. wherein the fluorinated polymer is polyvinylidene fluoride. 

35. The medical device (220. 420, 720) of claim 16. wherein the intermediate tie layer (14) comprises a polymer 
selected from an anhydride nfKxlified olefinic polymer, an acrytate modified definic polymer, or combinations 
thereof. 

36. The medical device (220, 420. 720) of claim 35. wherein the polymer of the intermediate tie layer (14) is selected 
from a functionalized polyethylene, a functionaiized vinylic polymer, a ethyiene-methyl acrylate copolymer, an acid 
modified ethyl vinyl acetate pdymer, an acid modified ethylene acrylate copolymer, an anhydride modified ethylene 
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acrylate copolymer, an anhydride modified ethyl vinyl acetate copolymer, an acid modified ethyl vinyl acetate poly- 
mer, an acrylate modified ethyl vinyl acetate polymer, an anhydride modified ethyl vinyl acetate copolymer, an 
anhydride modified ethyl vinyl acetate polymer, or combinations thereof. 

5 37. The medical device (220. 420. 720) of claim 36. wherein the polymer of the intermediate tie layer (14) is selected 
from a functionalized polyethylene, an ethylenemethyl acrylate copolymer, an anhydride modified ethyl vinyl ace- 
tate polymer, or combinations thereof. 

38. The medical device (220. 420. 720) of claim 17. wherein the tubing (10, 210, 410, 710) has an outside diameter of 
10 from about 0.5 millimeters to about 0.7 millimeters. 

39. The medical device (220, 420. 720) of claim 38, wherein the tubing (10, 210, 410, 710) has an outside diameter of 
from about 0.55 millimeters to about 0.63 millimeters. 

IS 40. The medical device (220, 420, 720) of claim 17, wherein the tubing (10. 210. 410, 710) has an inside diameter of 
from about 0.4 millimeters to about 0.6 millimeters. 

41. The medical device (220, 420, 720) of claim 41, wherein the tubing (10. 210. 410, 710) has an inside diameter of 
from about 0.43 millimeters to about 0.51 millimeters. 

20 

42. The medical device (220, 420. 720) of claim 16. wherein the polymer of the outer layer (16) has a first glass transi- 
tion temperature, the intermediate tie layer (1 4) comprises a polymer having a second glass transition temperature, 
and the lubrictous polymer of the core layer (12) has a third glass transition temperature; and wherein the first, sec- 
ond and third glass transition temperatures are within 85% to 1 1 5% of each other. 

25 

43. The medical device (220. 420, 720) of claim 44, wherein the third glass transition temperature is greater than the 
second glass transition temperature and the second glass transition temperature is greater than the first glass tran- 
sition temperature. 

30 


'35 


45 


55 


14 


EP 0 873 759 A2 



15 



16 


EP 0 873 759 A2 



17 


